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Colorectal cancer is the third most commonly diagnosed cancer in men and the second 
in women, and represents one of the leading causes of cancer-related deaths. Despite 
progresses in treatment options, prognosis for advanced disease with recurrence and 
metastasis is still poor, emphasizing the need for new therapeutic strategies. 
In recent years, increasing knowledge about the interaction between the immune system 
and tumour cells, as well as about the tumour microenvironment, led to the development 
of novel anti-cancer approaches globally known as cancer immunotherapy. 
Immunotherapies are designed to enhance antitumour immune response and to avoid 
immunosuppression, and comprise several different strategies like cancer vaccines, 
adoptive T-cell therapy and immune checkpoint inhibitors. Recently, the use of 
checkpoint inhibitors such as specific antibodies for cytotoxic T lymphocyte-associated 
antigen 4 (CTLA-4) and programmed cell death protein 1 (PD-1) have shown to be an 
effective treatment in several types of cancers. Although the importance of the immune 
system in colorectal cancer has already been recognized, the potential significance of 
immunotherapy in this cancer is still at an early stage. Currently, several 
immunotherapeutic approaches, particularly those with immune checkpoints inhibitors, 
are being evaluated in various clinical trials.  
This paper reviews the most relevant clinical data concerning such immunotherapeutic 
approaches for colorectal cancer, pointing out their possible advantages and 
disadvantages. 
Despite the research using different immunotherapy strategies in the treatment of 
colorectal cancer, thus far none has been approved for use in clinical practice. The most 
promising results have been achieved in the subset of patients with microsatellite 
instable tumours using an immune checkpoint inhibitor; however, the majority of patients 
have microsatellite stable cancers. Therefore, several clinical trials are in progress, either 
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O cancro colorretal é o terceiro tipo de cancro mais diagnosticado nos homens e o 
segundo nas mulheres, e representa uma das principais causas de morte relacionadas 
com o cancro. Apesar dos avanços obtidos nas opções terapêuticas, o prognóstico nos 
casos de doença avançada ainda é fraco, o que demonstra a necessidade de novas 
estratégias terapêuticas.  
Nos últimos anos, o conhecimento crescente sobre a interação entre o sistema 
imunitário e as células tumorais, bem como sobre o microambiente tumoral, levou ao 
desenvolvimento de novas estratégias no combate ao cancro, genericamente 
conhecidas como imunoterapia oncológica. As imunoterapias têm como objetivo 
aumentar a resposta imunitária antitumoral e evitar a imunossupressão, e incluem 
opções como vacinas, terapia adoptiva com células T, e inibidores de checkpoints 
imunológicos. Recentemente, o uso destes inibidores, com anticorpos para o antigénio 
4 associado a linfócitos T citotóxicos (CTLA-4) e para a proteína de morte celular 
programada 1 (PD-1), revelou ser eficaz em vários tipos de cancro. Embora a 
importância do sistema imunitário no cancro colorretal já tenha sido reconhecida, a 
relevância da imunoterapia neste tipo de cancro ainda se encontra numa fase inicial. 
Atualmente, vários ensaios clínicos estão a ser realizados, particularmente com 
inibidores de checkpoints imunológicos, para avaliar a eficácia destas terapêuticas.  
Este artigo tem como objetivo fazer uma revisão dos resultados clínicos mais relevantes 
no que diz respeito às diferentes imunoterapias em estudo no cancro colorretal, 
salientando as suas possíveis vantagens e desvantagens.  
Apesar da investigação feita com diferentes estratégias imunoterapêuticas nos doentes 
com cancro colorretal, até ao momento nenhuma delas foi aprovada para uso na prática 
clínica. Os resultados mais promissores foram obtidos no subgrupo de doentes com 
tumores com instabilidade de microssatélites utilizando um inibidor de checkpoint 
imunológico; porém, a maioria dos doentes apresenta tumores com estabilidade de 
microssatélites. Vários ensaios clínicos estão a ser realizados, quer com agentes 





Palavras-chave: imunoterapia, cancro colorretal, inibidores de checkpoints 





ASI  Active specific immunotherapy 
APC  Antigen presenting cell 
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Colorectal cancer (CRC) is the third most commonly diagnosed cancer in men (746,000 
cases, 10.0% of the total) and the second in women (614,000 cases, 9.2% of the total) 
worldwide. Variations in incidence rates are observed across the world, with the highest 
rates in Australia/New Zealand and lowest in West Africa; mortality rates present less 
variability, with highest rates in Central and Eastern Europe and lowest in Western Africa 
(Ferlay et al., 2015). 
In the United States (US) in 2017, the estimated number of newly diagnosed individuals 
with CRC is 135,430 and the estimated number of deaths from the disease is 50,260. 
Although most of the cases (58%) are diagnosed in people of 65 years or older, 39% of 
women and 45% of men are younger than that (Siegel et al., 2017a). A downward trend 
in mortality rates has been observed in the last decades in US, falling 51% from 1976 to 
2014 (28.6 to 14.1 per 100,000 cases) (Siegel et al., 2017a). Similarly, most European 
countries have also experienced a decline in CRC mortality, with the average rate 
dropping from 35.3 to 31.3 deaths per 100,000 between 2003 and 2013 (OECD/EU, 
2016). Mortality reductions are attributed to changes in risk factors (e.g. diet and life-style 
related aspects such as smoking and alcohol consumption), the introduction of screening 
tests, and improvements in treatment (OECD/EU, 2016). In spite of that, CRC is still one 
of the most common cause of cancer-related death both in men and women. In fact, 
although 39% of the patients are diagnosed with localized CRC, for whom the 5-year 
relative survival rate is 90%, about 25% of patients present with metastases at diagnosis 
and almost half of the patients will develop metastases during the course of the disease 
(Van Cutsem et al., 2014; Siegel et al., 2017b). Current treatment for metastatic CRC is 
generally based on cytotoxic chemotherapy regimens in combination with targeted 
therapies (e.g. anti-EGFR antibodies). Despite progress in treatment options, 5-year 
relative survival rate decreases to 71% and 14% for patients diagnosed with regional 
and distant metastasis, respectively (Siegel et al., 2017b).  
Thus, prognosis for patients with advanced disease is still poor, highlighting the need of 
novel therapeutic strategies. 
 
1.2 Molecular Basis of Colorectal Cancer  
Colorectal cancer occurs in three different patterns: sporadic, familial and inherited. The 
sporadic form accounts for most of CRC cases (~70%) and derives from somatic 
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mutations. Inherited CRC occurs in 10% of cases and comprises cancer predisposition 
syndromes such as Lynch Syndrome and Familial Adenomatous Polyposis (FAP), 
whereas familial CRC accounts for 25 % of CRCs and presents without precisely defined 
Mendelian inheritance patterns or genetic etiology (Roper & Hung, 2013).  
Different molecular mechanisms can give rise to CRC, namely chromosomal instability 
(CIN), microsatellite instability (MSI), and CpG island methylator phenotype (CIMP) 
(Tariq & Ghias, 2016). Most of CRCs (65-70%) arise via the CIN pathway, which is 
characterized by aneuploidy and loss of heterozygosity. Microsatellite instability, found 
in about 15% of all CRCs, is characterized by length alterations in repetitive DNA regions 
called microsatellites, and derives from defects in the DNA mismatch repair (MMR) 
system (Tariq & Ghias, 2016). Most MSI CRCs are sporadic cases due to 
hypermethylation of MLH1 gene promotor, whereas 3% are caused by germline 
mutations in MSH2, MSH6, MLH1 and PMS2 genes or EpCAM deletion, causing Lynch 
syndrome (Zhang & Li, 2013). The CIMP pathway is characterized by promoter 
hypermethylation of various tumour suppressor genes. These three mechanisms, 
however, are not mutually exclusive, as tumours can sometimes demonstrate features 
of multiple pathways (Tariq & Ghias, 2016). 
The different pathways are associated with distinct clinical features and pathologic 
behavior. Indeed, MSI tumours are often associated with the proximal colon, have higher 
levels of tumour-infiltrating lymphocytes (TIL) and are associated with a better prognosis 





















The conventional treatments for advanced CRC cancer, including radiation, 
chemotherapy and targeted agents are designed to act directly on tumours, inhibiting 
their growth or destroying them. However, resistance to these therapies eventually 
develops and toxicities may limit their administration at effective levels. These facts 
highlight the need to develop alternative strategies in order to prolong patients’ survival. 
In this context, immunotherapy is emerging as a promising approach in oncology, 
intended to stimulate and enhance the ability of a patient’s immune system to recognize 
and destroy tumours. Cancer immunotherapies may therefore overcome some of the 
resistance mechanisms that occur with traditional agents. 
Immunotherapy strategies are currently therapeutic options in several types of cancer, 
including melanoma, non-small cell lung cancer (NSCLC), and renal cell carcinoma. It 
remains however in the experimental field in the case of CRC. 
This paper reviews the antitumour immune response and the most relevant 
immunotherapeutic approaches under investigation in CRC, such as cancer vaccines, 
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3. Material and Methods 
 
References for this review were identified by searches of PubMed database using the 
keywords: “immunotherapy”, “colorectal cancer”, “cancer vaccines”, and “immune 
checkpoints”. The selection of articles was based on the relevance to the topic of the 
review, date of publication, and journal’s impact factor. In addition, further articles were 


































4.1 The immune system and cancer 
The immune system primarily functions to protect the host from damage caused by 
pathogens, but it has also the ability to recognize and destroy cancer cells based on their 
expression of tumour antigens, in a process historically known as cancer 
immunosurveillance. However, it is now well established that the immune system can 
have a dual role in cancer development and progression. In fact, although it can inhibit 
tumour growth by destroying malignant cells, it can also promote its progression either 
by selecting tumour cells with reduced immunogenicity or by establishing conditions 
within the tumour microenvironment that facilitate tumour outgrowth (Schreiber et al., 
2011). These findings prompted the refinement of the immunosurveillance concept to the 
formulation of the cancer immunoediting hypothesis, which refers to a dynamic process 
including three distinct phases: elimination, equilibrium, and escape. Elimination refers 
to cancer immunosurveillance, in which innate and adaptive immune systems cooperate 
to detect an emerging tumour and destroy it before it turns clinically visible. In spite of 
that, some tumour cells may still persist and enter an equilibrium phase, in which they 
co-exist with the effector cells of the immune system in a state of tumour dormancy. 
During this phase, the immune system restricts outgrowth of malignant cells but also 
shapes their immunogenicity by selecting for less immunogenic variants. These cells 
eventually acquire the ability to evade immune recognition and destruction, allowing 
tumour progression and clinical expression. This represents the last step in the 
immunoediting process, known as the escape phase (Schreiber et al., 2011). 
 
To mount an effective antitumour immune response several different processes are 
required. First, dendritic cells (DSs) must capture and process tumour antigens and 
present them on MHC class I and class II molecules. In the presence of appropriate 
activation and/or maturation signals, DCs will differentiate and migrate to lymph nodes 
where they present these antigens to naïve T-cells. This leads to priming and activation 
of effector T-cells against tumour-specific antigens. Finally, the activated effector T-cells 
traffic to and infiltrate the tumour, specifically recognizing and binding to tumour cells 
through the interaction between its T-cell receptor (TCR) and its cognate antigen bound 
to MHC class I, ultimately destroying target cancer cells (Figure 1) (Chen & Mellman, 
2013). 
Nevertheless, malignant cells can exploit numerous mechanisms to evade recognition 
and destruction by the immune system. One of these mechanisms is the ineffective 
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presentation of antigens to immune cells by reducing the expression of MHC class I 
molecules in the cell surface, which have been associated with a poor prognosis in CRCs 
(Watson et al., 2006). Recruitment of immunosuppressive cells (regulatory T-cells - 
Tregs, and myeloid-derived suppressor cells - MDSCs) is also an important mechanism 
of escape from the host immune system. In normal physiologic conditions, Tregs prevent 
autoimmunity disorders by secreting immunosuppressive cytokines. In cancer patients, 
however, Treg can block immune response against cancer cells and therefore Treg 
infiltration of tumours is generally associated with a poor outcome (Halvorsen et al., 
2014), although contradictory results have been reported in CRC (Clarke et al., 2006; 
Ling et al., 2007; Salama et al., 2009; Frey et al., 2010). In addition, it was demonstrated 
that CRC patients have high levels of MDSCs in the primary tumour and in peripheral 
blood, which also correlates with advanced disease stages and lymph node metastases 
(OuYang et al., 2015). Other escape strategy includes the dysregulation of T-cell activity. 
This can occur either by the activation of inhibitory pathways (known as immune 
checkpoints), such as cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and 
programmed cell death protein 1 (PD-1), or through the inhibition of T-cell activation 
pathways, for example CD137, OX-40, CD40, GITR, and HVEM (Pennock & Chow, 
2015). A deep understanding of these escape mechanisms is essential and must be 
taken into consideration in the development of novel immunotherapeutic strategies. 
As previously mentioned, there is an increasing body of evidence suggesting that 
immune cells play a significant role in tumours progression. Indeed, high lymphocytic 
infiltration has been associated with favorable clinical outcome in several types of 
tumours, such as melanoma, head and neck, breast, renal, prostate and lung cancer 
(Fridman et al., 2012). In line with these data, Galon et al. (2006) have also demonstrated 
that CRC patients without recurrence had higher immune cell densities in the center and 
in the invasive margin of the tumour than patients whose cancer had recurred. The 
authors concluded that the level of lymphocytic infiltration within the tumour is a strong 
prognostic factor that predicts recurrence and longer overall survival (Galon et al., 2006). 
Subsequent studies reported similar results, reinforcing the importance of immunity in 














Figure 1: Phases in the development of a cellular immune response against tumour 
antigens. The antitumour immune response is initiated by immature DCs, which capture and 
process tumour antigens and present them on MHC class I and MHC class II molecules. DCs 
then migrate to tumor-draining lymph nodes where they present tumour antigens to naïve 
T-cells. Activation of T-cells involves not only the interaction between the antigen–MHC 
complex on DCs and TCRs, but also costimulatory molecules. The immune response 
proceeds with the infiltration of activated cytotoxic T-cells into the tumour, eventually killing 
malignant cells. CTL, cytotoxic T-cell; DC, dendritic cell; MDSC, myeloid-derived suppressor cell; MHC, 
major histocompatibility complex; TCR, T-cell receptor; TH1, type 1 T helper cells; TREG, regulatory 




4.2 Immunotherapy in Colorectal Cancer  
Cancer immunotherapy is a therapeutic approach designed to generate or enhance a 
host immune response against malignant cells, and include active, passive or 
immunomodulatory strategies. Whereas active immunotherapy increases the ability of 
patient’s immune system to generate effective antitumour immune responses, passive 
immunotherapy involves the administration of immunologic effectors to patients, such as 
lymphocytes or antibodies, to mediate an immune response. Immunomodulatory agents, 
in turn, improve general immune responsiveness and are intended to increase 
antitumour immune responses, but are not targeted at specific antigens (Melero et al., 
2014). 
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Several immunotherapy strategies for treatment of CRC patients are currently under 
research in clinical trials, including cancer vaccines, adoptive T-cell therapy, and immune 
checkpoint inhibitors, as described in the following sections.  
 
4.2.1 Cancer vaccines 
Cancer vaccines are active therapeutic approaches used to generate immunologic 
responses against tumour cells through the induction of effective cellular and humoral 
responses. Cancer vaccines require dendritic cell activation and presentation of the 
targeted tumour antigens to T-cells in order to establish an immune response. 
The most important types of cancer vaccines include autologous tumour cell vaccines, 
peptide vaccines, dendritic cell vaccines, and viral-vector vaccines.  
 
Autologous Tumour Cell Vaccines 
Autologous tumour cell vaccines are derived from cancer cells isolated from a patient, 
which are processed ex vivo to a vaccine formulation and then re-administered to the 
patient, usually in combination with an adjuvant immunostimulant. Typically, these 
vaccines are produced after surgical resection of the tumour, which is irradiated or 
treated with reagents to create an inactive lysate (Patel et al., 2014). Whole tumour cell 
vaccines have the advantage of comprising all tumour antigens, so they can potentially 
induce adaptive antitumour immunity against several antigens. However, these vaccines 
are specific to each patient and their preparation is relatively costly and time consuming. 
Furthermore, it has been demonstrated that the expression level of tumour-associated 
antigens by tumour cell vaccines is probably lower than that of other vaccine types, 
resulting therefore in a less effective immune response (Xiang et al., 2013). 
Whole cancer cell vaccines have shown some promise in CRC. OncoVax, an irradiated 
autologous tumour-cell vaccine with bacillus Calmette-Guérin (BCG) adjuvant, is one of 
the most intensively studied in CRC. Harris et al. (2000) have conducted a phase III 
clinical trial with an autologous tumour cell–BCG vaccine in stage II (n=297) and stage 
III (n=115) colon cancer patients to determine if surgical resection combined with active 
specific immunotherapy (ASI) was more beneficial than resection alone. Results did not 
show a statistically significant difference in disease-free survival (DFS) and overall 
survival (OS) between groups. However, patients with delayed-type hypersensitivity 
(DTH) reaction had increased 5-year survival which correlated with the order of the 
induration response, suggesting that patients who develop a greater local reaction may 
benefit from the vaccine (Harris et al., 2000). A similar study also in stage II and III colon 
cancer patients (n=254) using OncoVAX in an adjuvant setting demonstrated a clinical 
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benefit only in stage II patients, with a significant longer recurrence-free interval (RFI) 
and 61% risk reduction for recurrences (Vermorken et al., 1999). Using part of this cohort 
of patients, de Weger et al. (2012) investigated whether the beneficial effects correlate 
with microsatellite status of the primary tumour. The analysis revealed that patients with 
microsatellite stable stage II tumours who received adjuvant vaccine treatment had a 
significant improved recurrence-free survival (RFS) as compared to controls. In addition, 
patient group with microsatellite instability did well overall, irrespective of tumour stage 
and treatment arm (de Weger et al., 2012). 
Hanna et al. (2001) performed a meta-analysis of three phase III studies using OncoVAX 
again in stages II and III colon cancer patients. In the three studies, patients were 
randomized either to a vaccine-treatment arm or to a control arm after surgical resection 
of the primary tumour. The results showed that OncoVAX-treated patients had a 
significant improvement in RFI and in RFS. The beneficial effect in these clinical 
outcomes was superior in stage II patients. A confirmatory phase IIIb clinical trial in 
patients with stage II colon cancer is currently ongoing (NCT02448173). 
In addition to BCG, autologous CRC vaccines have also been produced using Newcastle 
disease virus (ATV-NDV). A phase III trial evaluated the clinical efficacy of ATV-NDV 
after resection of liver metastasis from CRC (n=50). Although no differences in the OS, 
DFS and metastases-free survival (MFS) were observed between the immunized and 
control CRC groups, a significant advantage for vaccinated colon cancer patients (not 
for rectal cancer patients) was observed with respect to OS and MFS (Schulze et al., 
2009). 
To date, research concerning autologous cell vaccines in CRC has shown modest 
clinical activity. The small proportion of tumour-specific antigens expressed by cancer 
cells and the generally poorly immunogenicity of these type of vaccines can explain, at 
least in part, the moderate results obtained in most trials (Signorini et al., 2016). 
 
Peptide Vaccines 
Peptide vaccines are based on the identification and synthesis of epitopes unique to 
cancer cells which can induce tumour antigen-specific immune responses. These 
vaccines have therefore the potential to generate a more specific antitumour response 
when compared to autologous tumour cell vaccines. Although considered simple, safe, 
economical and able to target tumour-specific antigens, peptide vaccines have some 
disadvantages that have restricted their effectiveness. These include poor 
immunogenicity, HLA-restriction limiting the peptide vaccines to specific HLA haplotypes, 
cancer recurrence due to antigenic escape and an excessively long lag between the first 
infusion and the clinically relevant response (Signorini et al., 2016). 
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Several tumour-associated antigens have been targeted by peptide vaccines in CRC 
including carcinoembryonic antigen (CEA), mucin 1, β-human chorionic gonadotropin (β-
hCG), EpCAM, 5T4, EpHA2, gastrin, survivin, SART3, and p53 (Patel et al., 2014). 
Phase I clinical trials have generally shown that these vaccines are safe and able to elicit 
antigen-specific immune responses.  
More recently, Okuno et al. (2011) used a peptide vaccine derived from ring finger protein 
43 (RNF43) and 34-kDa translocase of the outer mitochondrial membrane (TOMM34) 
that was administered in combination with chemotherapy in patients with metastatic 
CRC. Cytotoxic T lymphocyte (CTL) responses were induced against one or both 
antigens in 57% (12/21) and 38% (8/21) of the patients, respectively. Interestingly, 
patients with CTL responses against both antigens had the longest survival, followed by 
patients who developed a response to one peptide.  
Additional phase II and III trials are needed to establish the efficacy of peptide vaccines 
in CRC treatment. 
 
Dendritic cell vaccines 
As previously mentioned, DCs are potent antigen-presenting cells (APC) and also 
express costimulatory molecules necessary for an effective immune response. It is 
therefore expected that DC vaccines are able to elicit antitumour immune responses 
against tumour-specific antigens. A DC-based cancer vaccine (Sipuleucel-T) has been 
approved by FDA for the treatment of metastatic castrate-resistance prostate cancer, 
demonstrating the potential of this approach (Cheever & Higano, 2011). 
Several strategies have been used to deliver tumour antigens ex vivo to DC, including 
pulsing DC with synthetic peptides derived from tumour-associated antigens, tumour cell 
lysates, apoptotic tumour cells, tumour RNA, and physically fuse DCs with whole tumour 
cells (Signorini et al., 2016). The selection of the tumour antigens to be loaded in DC is 
a critical step to achieve best clinical results.  
In CRC, previous studies have shown that CEA-DC vaccines are safe, well tolerated and 
able to induce a CEA-specific immune response (Morse et al., 1999; Fong et al., 2001; 
Itoh et al., 2002; Lesterhuis et al., 2006). A phase II study evaluated the clinical benefit 
of a DC vaccine consisting of autologous DCs pulsed with allogenic melanoma cell lysate 
in patients with advanced CRC expressing MAGE-antigens (Toh et al., 2009). Twenty 
patients were included in the study and 17 of them received immunizations: one patient 
experienced a partial response and seven achieved stable disease, representing a 
clinical benefit rate of 40%. The median OS from inclusion was 7.4 months and the 
median progression-free survival (PFS) was 3.4 months. Five patients (25%) 
experienced a prolonged PFS for more than 6 months. Using a similar vaccine, Burgdorf 
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et al. (2008) performed a study in patients with advanced CRC who had no indication for 
further treatments (radio-, chemo- or surgical therapy). The clinical responses were 
limited: no partial or complete responses were observed; 4 patients (out of 17) achieved 
stable disease, of which two remained stable through the entire study period, rendering 
a clinical benefit rate of 24%. 
More recently, the clinical benefit of a DC vaccine combined with cytokine-induced killer 
cells (CIK) was assessed in a study with CRC patients (n=13) disease-free after surgical 
resection and chemo/radiotherapy (Gao et al., 2014). The results demonstrated a 
significantly prolonged DFS and OS in CRC patients of the treatment group compared 
to the CRC controls (5-year DFS rate: 66% vs 8%; OS rate: 75% vs 15%; P<0.01). 
Despite the small patient cohort, these data demonstrate that the DC-CIK vaccine might 
be a useful approach to improve survival and tumour recurrence rates in post-surgical 
CRC patients (Gao et al., 2014). 
 
Viral-vector vaccines 
Viral vectors can be genetically modified to express tumour antigens to produce cancer 
vaccines, taking advantage of the natural immunogenicity of the viruses that acts as 
adjuvant to improve the immune response (Signorini et al., 2016). These vaccines 
include viruses with high transfection efficiency and immunostimulatory capacity such as 
lentiviruses, poxviruses, adenoviruses and retroviruses. As disadvantages, viral-vector 
vaccines are expensive, potentially pathogenic and can lead to insertional mutagenesis 
(Xiang et al., 2013). 
Several virus-based vaccines have been tested in CRC patients, of which the most 
significant are described below: 
 
 ALVAC is a nonreplicating canarypox virus modified to express CEA and sometimes 
also B7.1 costimulatory molecule, which has been used in CRC patients. A phase I 
trial showed that ALVAC expressing CEA was safe and resulted in increased 
CEA-specific T-cell responses (Marshall et al., 1999). More recently, Kaufman et al. 
(2008) performed a phase II trial in patients with metastatic CRC to assess the effect 
of chemotherapy on ALVAC-CEA/B7.1. Patients were randomized to receive either 
ALVAC before and concomitantly with chemotherapy (n=39), ALVAC with tetanus 
adjuvant before and concomitantly with chemotherapy (n=40), or chemotherapy 
followed by ALVAC (n=39). The results demonstrated that all patients developed 
antibody responses against ALVAC, but increased anti-CEA antibody titers were 
detected in only three patients, and increases in CEA-specific T-cells was detected 
in 30% to 50% of the patients. In addition, objective clinical responses were observed 
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in 40% of the vaccinated patients. Overall, there were no differences in clinical or 
immune responses between the treatment groups. Therefore, this study 
demonstrated that systemic chemotherapy did not affect vaccine-mediated immunity. 
 
 TroVax is a highly-attenuated strain of vaccinia virus encoding the human oncofetal 
antigen 5T4. The 5T4 antigen is rarely detected on normal tissues and is expressed 
at high levels on trophoblastic cells and most adenocarcinomas, including CRC, in 
which it is associated with poor prognosis (Starzynska et al., 1994). A phase I study 
in patients with advanced CRC demonstrated that TroVax was well tolerated and 
able to induce anti-5T4 cellular and humoral immune responses. In addition, a 
positive association was found between the development of 5T4 antibodies and 
patient survival or time to disease progression (Harrop et al., 2006). In a different 
study, Elkord et al. (2008) administered TroVax to CRC patients, pre- and post-
surgical resection of liver metastases. Most patients developed a 5T4-specific 
cellular and/or humoral responses, and patients with above median 5T4-specific 
antibody responses tend to survive longer than those with below median responses, 
although this difference was not statistically significant. TroVax has also been 
evaluated alongside two different chemotherapy regimens in CRC patients, 
establishing its safety and ability to induce specific immune responses without 
increased toxicity (Harrop et al., 2007; Harrop et al., 2008). 
 
 PANVAC is a recombinant poxvirus based vector encoding CEA, MUC1, and three 
costimulatory molecules (ICAM-1; LFA-3; B7.1). In a phase II trial by Morse et al. 
(2013b), patients with metastatic CRC, disease-free after metastectomy and 
perioperative chemotherapy, were randomized to immunization either with DC 
modified with PANVAC (DC/PANVAC) or PANVAC with GM-CSF 
(PANVAC/GM-CSF). No significant differences in PFS and OS were observed 
between the two vaccine strategies, but vaccinated patients as a group exhibited 
prolonged survival compared to unvaccinated controls (Morse et al., 2013b). 
Similarly, a fowlpox virus-vector vaccine also expressing CEA, MUC1, and three 
costimulatory molecules (TRICOM: ICAM-1; LFA-3; B7.1) has been tested in patients 
with different CEA expressing tumours, including 35 patients with advanced CRC. 
The results demonstrated that this vaccine was safe and induced CEA-specific T-cell 
response in most of the patients, as well as stabilization of disease in 40% patients 
for at least 4 months (Marshall et al., 2005).  
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 An adenoviral vector encoding the CEA antigen, Ad5 [E1-, E2b-]-CEA(6D), has been 
studied in a phase I/II clinical trial and shown to induce cell-mediated immunity in 
61% of the patients with advanced CRC. The efficacy of Ad5 vaccines can be limited 
by pre-existing Ad5-specific neutralizing antibodies; however, OS (48% at 12 
months) was similar across patients regardless of pre-existing Ad5 neutralizing 
antibody titres (Morse et al., 2013a). 
 
4.2.2 Adoptive T-cell Therapy 
Adoptive T-cell therapy is a form of passive immunotherapy that involves the isolation of 
autologous T-cells with antitumour activity, their activation and expansion to large 
numbers ex vivo, and their re-infusion into the patient, frequently together with IL-2. In 
most cases, lymphodepleting regimens are used prior to cells administration given their 
association with an increase persistence of the transferred T-cells (Restifo et al., 2012).  
An important advantage of this therapy is that T-cells are activated ex vivo so some the 
immunosuppressive factors that occur in vivo are overcome. On the other hand, 
limitations of this approach include possible lack of immune memory, reduced 
persistence of adoptive T-cells in vivo, high costs, and extensive time required to prepare 
T-cells, in addition to the risk of severe adverse effects (Xiang et al., 2013). 
Adoptive T-cell therapy with autologous TILs has been shown to be an effective 
immunotherapy to induce complete durable responses in patients with metastatic 
melanoma (Rosenberg et al., 2011).The effectiveness of this approach has also been 
investigated in CRC patients in some previous studies. In a clinical trial performed by 
Gardini et al. (2004), 14 patients received adjuvant immunotherapy with TILs in 
combination with IL-2 after resection of liver metastasis from CRC. The results did not 
demonstrate a significant improved long-term survival or reduced risk of recurrence 
compared to the control group (Gardini et al., 2004). 
Adoptive T-cell therapy using sentinel lymph node (SLN) acquired lymphocytes has also 
been investigated in two different studies with CRC patients. In a pilot study, Karlsson et 
al. (2010) reinfused SLN acquired CD4+ Th1-lymphocytes expanded ex vivo in 16 
patients with CRC (5 patients with stage II CRC and characteristics of high-risk tumour; 
2 with stage III; and 9 with stage IV CRC). All patients with stage IV disease responded 
to treatment, four with stable disease, one with a partial response, and four with complete 
tumour regression. In addition, the median survival of these 9 stage IV CRC patients was 
2.6 years compared with 0.8 years of conventionally treated controls. Four of stage II 
patients and all stage III patients were classified as stable disease. None of the patients 
experienced adverse side-effects (Karlsson et al., 2010).  More recently, a phase I/II 
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study involving 71 stage I-IV CRC patients subjected to surgery demonstrated that 
transfusion of SLN-T lymphocytes expanded ex vivo was not associated with significant 
toxicity and represents a safe adjuvant immunotherapy. In addition, evaluation of the 
clinical response in stage IV patients revealed that the 24-month survival rate of the 
treated group was significantly higher than that of the control group (55.6% versus 
17.5%), and the median OS was 28 and 14 months, respectively (Zhen et al., 2015). 
These two studies demonstrated that SLN-T lymphocyte is a viable and safe 
immunotherapy option for patients with advanced CRC. 
The antitumour potential of the adoptive therapy can be improved with genetic 
engineered T-cells expressing TCRs with high-affinity to tumour-associated antigens 
(TAA). A disadvantage of this approach is that these TCRs are MHC-restricted and thus 
limited to patients with the corresponding MHC haplotype. An alternative approach is the 
use of chimeric antigen receptors (CARs), which are composed of an extracellular 
TAA-specific single-chain antibody variable fragment (scFv) linked through hinge and 
transmembrane domains to an intracellular T-cell signalling domain. CARs can mediate 
non-MHC-restricted recognition of tumour antigens on the surface of a malignant cell. 
This approach, using CD19-targeted CAR T-cells, has demonstrated great success in 
the treatment of hematologic malignancies such as acute lymphoblastic leukemia 
(Maude et al., 2014). In this context, three patients with metastatic CRC refractory to 
conventional treatments have been treated with autologous T-cells genetically 
engineered to express a murine TCR against CEA (Parkhurst et al., 2011). All patients 
experienced decreases in serum CEA levels (74% to 99%) and one patient had a partial 
response with regression of cancer metastatic to the lung and liver. However, the three 
patients developed a severe transient inflammatory colitis which implies a dose limiting 
toxicity. This adverse event was probably due to the expression of CEA on normal 
epithelial cells of colonic mucosa that could have been recognized by CEA-reactive T 
lymphocytes (Parkhurst et al., 2011). A severe adverse event was also reported by 
Morgan et al. (2010) in a CRC patient with metastasis treated with Her2-specific CAR 
T-cells. In this case, minutes after cells infusion the patient experienced severe 
respiratory distress and displayed a dramatic pulmonary infiltrate on chest X-ray, 
eventually resulting in patient’s death in 5 days. The authors hypothesized that this 
patient’ death resulted from a cytokine-release-syndrome caused by the recognition of 
ERBB2 on normal lung epithelial cells by the very high dose of cells administered 
(Morgan et al., 2010). 
In general, the clinical studies using adoptive T-cell therapy reported modest success 
and involved small numbers of CRC patients. Further studies are needed to determine 
the safety and efficacy of this strategy in CRC. 
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4.2.3 Immune Checkpoint Inhibitors 
The immunotherapy approach that is getting most attention and progress in recent years 
is the immune checkpoint blockade. 
Immune checkpoints refer to complex inhibitory pathways that mediate immunological 
self-tolerance and modulate the duration and amplitude of physiological immune 
responses in order to prevent damage of peripheral tissues (Pardoll, 2012). However, it 
is now well established that tumour cells can develop mechanisms to evade the host 
immune system, namely by exploiting these inhibitory checkpoints, thus limiting 
antitumour immune response (Poschke et al., 2011). 
CTLA-4 and PD-1 are two immune checkpoint molecules that downregulate T-cell 
activity and have been intensively studied in several types of cancer such as melanoma 
and NSCLC (Pardoll, 2012). Immunotherapies using antibodies designed to inhibit these 
immune checkpoints are under intense investigation and encouraging clinical results 
have been achieved.  
 
CTLA-4 
As previously described, an immune response against pathogens or tumour cells is 
triggered by the recognition and binding of a TCR to an antigen displayed in the context 
of an MHC molecule on the surface of an APC. An effective immune response requires 
in addition costimulatory signals - typically the interaction of CD28 expressed on T-cells 
with either B7-1 (CD80) or B7-2 (CD86) on the APCs. CD28 signalling induces cytokine 
production (IL-2) and T-cell activation. Once activated, T-cells up-regulate CTLA-4 
transcription and expression in the cell surface, where it is able to bind B7 molecules 
with much more affinity than CD28, thereby preventing CD28 costimulation and T-cell 
activation (Figure 2, Panel A) (Walunas et al., 1994; Krummel & Allison, 1995). 
Furthermore, previous studies have demonstrated that CTLA-4 can also remove B7 
ligands from APCs via transendocytosis (Qureshi et al., 2011). CTLA-4 therefore 
down-modulates the amplitude of early T-cell activation, limiting their antitumour activity 
(Pardoll, 2012). 
The essential role of CTLA-4 in maintaining immunologic tolerance is demonstrated by 
the lethal phenotype of Ctla-4 null mice, which developed early lymphoproliferative 
disease with lymphocytic infiltration into multiple tissues, and died within 3-4 weeks of 
age (Tivol et al., 1995; Waterhouse et al., 1995). In humans, germline heterozygous 
mutations in CTLA-4 gene have been identified in patients with severe immune 
impairments, characterized mainly by dysregulation of FoxP3+ Treg cells, hyperactivation 
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of effector T-cells and lymphocytic infiltration of target organs (Kuehn et al., 2014; 
Schubert et al., 2014). 
In line with these data, Leach et al. (1996) showed that the in vivo administration of 
antibodies against CTLA-4 induced rejection of pre-stablished tumours in mouse and 
provided immunity against secondary exposure to tumour cells. These pre-clinical data 
prompted the development of two monoclonal antibodies targeting CTLA-4 – 
ipilimumab and tremelimumab – in order to increase antitumour immune response 
(Figure 2, Panel A). Ipilimumab was the first checkpoint inhibitor to be approved by FDA 
(2011) for the treatment of unresectable or metastatic melanoma (Hodi et al., 2010). 
Despite the successful clinical results achieved with CTLA-4 inhibitors in melanoma, 
clinical studies with CRC patients have been quite disappointing. A phase II study with 
the anti-CTLA-4 antibody tremelimumab in patients with refractory metastatic CRC did 
not demonstrate significant antitumour activity. In fact, from the 45 patients evaluable for 
response, 43 received just one dose of tremelimumab due to disease progression, and 
only one patient had a partial response and received a total of five doses, upon which 
disease progression was documented. Thirty of the patients (63.8%) experienced 
adverse events, including diarrhea, colitis, fatigue, nausea, pyrexia, vomiting, skin rash, 
and autoimmune thrombocytopenia (Chung et al., 2010).  
 
PD-1 
In contrast to CTLA-4, which regulates the early activation of T-cells predominantly in 
the lymph nodes, PD-1 suppresses T-cells primarily in peripheral tissues at a later phase 
of the immune response (Pardoll, 2012). PD-1 is expressed on the surface of activated 
and exhausted T-cells, B-cells, NK cells, and macrophages. It interacts with two ligands, 
programmed death ligand-1 (PD-L1) and PD-L2, which are expressed on the surface of 
APCs and malignant cells (Figure 2, Panel B) (Baumeister et al., 2016).  
Blockade of this pathway using monoclonal antibodies directed to PD-1 or PD-L1 has 
demonstrated favorable clinical responses in several type of tumours, including 
melanoma, NSCLC, renal-cell carcinoma, Hodgkin’s lymphoma, and head and neck 
cancers (Brahmer et al., 2012; Topalian et al., 2012; Ferris et al., 2016; Younes et al., 
2016). Based on these data, since 2014 two anti-PD-1 monoclonal antibodies –
nivolumab and pembrolizumab – have been approved by FDA as treatment options in 
several malignancies. In addition, in 2015 the combination of ipilimumab and nivolumab 
was approved by FDA for the treatment of patients with advanced melanoma (Larkin et 
al., 2015). 
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In what concerns CRC, initial clinical trials have demonstrated very low response rates 
to PD-1 inhibitors. A phase I trial to evaluate the safety, tolerability and pharmacokinetics 
of nivolumab included patients with advanced metastatic melanoma (n=10), CRC (n=14), 
castrate resistant prostate cancer (n=8), NSCLC (n=6), and renal cell carcinoma (n=1). 
Two patients (melanoma, renal cell carcinoma) exhibited partial responses and one 
patient with CRC had a complete response which persisted 3 years after treatment 
(Brahmer et al., 2010; Lipson et al., 2013). Nivolumab was well tolerated, with only one 
serious adverse event documented (inflammatory colitis). Topalian et al. (2012), in a 
study with 296 patients with different types of cancer, observed partial or complete 
responses in those with NSCLC (18%), melanoma (28%) and renal-cell cancer (27%), 
but no objective responses were reported in CRC and prostate cancer patients. Grade 3 
or 4 treatment-related adverse events occurred in 14% of the patients and three of them 
died from pneumonitis. Similar results were observed in a phase I trial with an anti-PD-L1 
antibody, with objective responses reported in patients with metastatic NSCLC, 
melanoma, renal-cell cancer and ovarian cancer, but not in CRC, gastric, pancreatic nor 
breast cancer patients (Brahmer et al., 2012). 
Interestingly, a recent study has demonstrated that the microsatellite instability status of 
the tumour could predict the clinical benefit of the immune checkpoint blockade (Le et 
al., 2015). This phase II trial, designed to evaluate the clinical activity of pembrolizumab 
(anti-PD-1), found that patients with mismatch repair (MMR)-deficient CRC (n=10) had 
significantly improved response rates (40%) and immune-related PFS rates (78%) than 
those who had MMR-proficient CRC (0% and 11%, respectively). More importantly, in 
those patients with MMR-deficient CRC, the median PFS and median OS were not 
reached contrasting with the cohort of patients with MMR-proficient tumours, in which 
the median PFS was 2.2 months and the median OS was 5.0 months. The rationale 
behind this study was that tumours with MMR deficiency would exhibited a large number 
of mutations. These generate more neoantigens resulting in a tumour that is “more 
visible” to patient’s immune system. Indeed, whole-exome sequencing revealed a mean 
of 1782 somatic mutations per tumour in patients with MMR deficiency, contrasting to 73 
in patients with MMR-proficient tumours. In addition, membranous PD-L1 expression 
was only observed in patients with MMR-deficient cancers. Remarkably, additional 
analysis of the single CRC patient with a durable complete response to nivolumab in the 
study by Brahmer et al. (2010) previously mentioned revealed that the tumour was 
MMR-deficient (Lipson et al., 2013). These results are in agreement with other studies 
indicating that MSI tumours present a microenvironment rich in activated Th1 cells and 
cytotoxic T lymphocyte (CTL) (Dolcetti et al., 1999; Smyrk et al., 2001; Llosa et al., 2015). 
Llosa et al. (2015) have also detected an overexpression of several immune checkpoints 
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in the MSI tumours microenvironment (including PD-1, PD-L1, and CTLA-4, among 
others) as compared to microsatellite-stable tumours. The authors conclude that MSI 
tumours upregulate inhibitory molecules to compensate the CTL-rich microenvironment, 
thereby preventing elimination by the immune system. 
Taken together these data suggests that the subset of CRC patients with MSI could be 
a particularly good candidate to immunotherapy with checkpoint inhibitors. Currently, 
several ongoing clinical trials are evaluating the clinical activity of combinations of 
ipilimumab with PD-1/PD-L1 antibodies as well as combinations of different checkpoint 




Figure 2: Immune checkpoints (CTLA-4 and PD-1) signaling in an antitumour 
immune response. CTLA-4 is expressed by T-cells shortly after their activation 
and competes with CD28 for B7 costimulatory molecules on DCs. CTLA-4 binding 
to B7 provides inhibitory signals to T-cells. Antibody blockade of CTLA-4 (e.g. 
ipilimumab) prevents this inhibition (Panel A). PD-1 is expressed by T-cells during 
long-term antigen exposure and its interaction with PD-L1 or PD-L2 on tumour cells 
suppresses the effect of the TCR on T-cell activation. Blockade of PD-1 or PD-L1 
with antibodies (e.g. nivolumab or atezolizumab, respectively) releases the 
inhibition over TCR signaling, allowing T-cell activation (Panel B). Adapted from 
Ribas et al. (2005). 
A
B
Immunotherapy in colorectal cancer 
19 
5. Discussion and Conclusions 
 
To date, immunotherapy in CRC demonstrated modest clinical benefits, but several trials 
are ongoing in order to evaluate additional immune-based therapies either as single 
agents or in combination regimens. 
Active specific immunotherapy using therapeutic cancer vaccines has been investigated 
over decades in different types of tumors, but only Sipuleucel-T has been approved by 
the FDA for the treatment of prostate cancer patients. This reflects a possible limiting 
step of cancer vaccines which is its reliance on previous identification of tumour antigens 
that are able to elicit an effective cytotoxic T-cell response against cancer cells. The ideal 
antigens must be highly expressed on tumour cells but not in healthy tissues, and must 
have minimally homology with other host proteins to ensure specificity of the response 
and reduce off-target toxicities.  
In what concerns the adoptive T-cell therapy, clinical trials performed in CRC patients 
revealed that more studies are required to improve both safety and efficacy of this 
strategy. Thus far, adoptive T-cell therapy using CD-19-targeted CAR T-cells showed 
great success in the treatment of B-cell malignances such as acute lymphoblastic 
leukemia. CD19 is a suitable antigen because it is expressed on a broad range of 
differentiated B-cells, but is not present on hematopoietic stem cells or other cell types 
(Khalil et al., 2016). The selection of similar antigens in solid tumors could be challenging, 
not only because these malignancies are in general more heterogeneous than liquid 
tumors, but also because target antigens are more likely to be also expressed in normal 
tissues (Khalil et al., 2016). Concerning CRC, some studies have identified other 
molecules that may be potentially suitable as cancer-specific antigens, like GUCY2C and 
OR7C1 (Snook et al., 2011; Morita et al., 2016). 
Immune checkpoint inhibitors are the immunotherapy agents that are receiving most 
attention in the last few years. Monoclonal antibodies against CTLA-4, PD-1 and PD-L1 
have been evaluated in several trials and approved to be used in the clinical setting for 
the treatment of melanoma and NSCLC, among other tumours. In CRC, studies have 
demonstrated that the subgroup of patients with microsatellite instable tumors benefits 
from therapy with pembrolizumab (PD-1 inhibitor) and, based on this finding, a phase II 
study (NCT02460198) and a phase III study (NCT02563002) are underway in 
MMR-deficient advanced CRC to confirm such results. However, this group represents 
a small subset of patients, so clinical trials are currently in progress to evaluate other 
immunotherapy agents that could have an impact on clinical outcome also in CRC 
patients with microsatellite stable tumours. In particular, the combination of immune 
checkpoint inhibitors with other anticancer agents that may increase tumour sensitive to 
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immunotherapy is being tested. Recently, preliminary data from a phase Ib trial 
(NCT01988896) demonstrated for the first time a clinical value for PD-L1 inhibition in 
patients with microsatellite-stable tumours (Bendell et al., 2016). This study is evaluating 
the safety and clinical activity of atezolizumab (anti-PD-L1 antibody) in combination with 
cobimetinib (MEK inhibitor) in patients with locally advanced or metastatic solid tumours. 
The rationale underlying this approach was based on preclinical studies which 
demonstrated that targeted inhibition of MEK results in MHC class I upregulation on 
cancer cells, promotes intratumoral T-cell infiltration, and enhances anti-PD-L1 activity. 
Provisional results from this trial showed that from the 23 CRC patients, 4 had a partial 
response and 5 had stable disease; most importantly, three of the responders had MSS 
tumours.  
Similarly, numerous combination strategies comprising agents with different 
mechanisms of action are being investigated in order to achieve higher response rates 
and prolonged overall survival. For instance, CTLA-4 and PD-1 inhibitors have been 
used together in patients with metastatic melanoma with positive results (Larkin et al., 
2015). Checkpoint inhibitors may also exhibit synergistic effects when combined with 
antigen-directed therapies (e.g. cancer vaccines) and even with conventional cytotoxic 
agents or radiation. Although these last two anticancer therapies were initially considered 
immunosuppressive, it is presently known that some agents can induce an immune 
response. Radiation, for example, by destroying tumor cells, releases antigens that can 
be captured by antigen presenting cells, triggering T-cell activation. Once again, 
checkpoint blockade would prevent inhibition of T-cells activation, thereby allowing for 
an effective anticancer immune response. 
The modest results obtained thus far in studies of CRC immunotherapy could also rely 
on the fact that most of them have been carried out in patients with advanced-stage 
tumours, with a likely compromised immune system that is unable to mount an 
appropriate immune response. It could be speculated, therefore, that the best candidates 
for immunotherapy are patients at initial-stage disease with a risk of recurrence after 
tumour resection. 
 
While cancer immunotherapy has emerged as an important treatment option, it presents 
relevant features that differentiate it from conventional therapies and of which physicians 
should be aware of. In this context, the introduction of checkpoints inhibitors in clinical 
practice revealed a unique toxicity profile known as “immune-related adverse events” 
(irAE) (Wolchok et al., 2009). These irAE are mainly related to inflammatory conditions 
such as dermatitis, colitis, hepatitis, pancreatitis, pneumonitis and hypophysitis, as it 
could be expected from the mechanism of action of immunotherapies. Adverse events 
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can range from moderate to severe but are usually manageable with immunosuppressive 
agents like corticosteroids, which do not seem to alter the antitumor effect of the therapy 
(Sharma & Allison, 2015). Although the profile of irAE observed with CTLA-4 and 
PD-1/PD-L1 inhibitors is comparable, anti-CTLA4 therapy is associated with more 
frequent and severe toxicity. Another important distinction of cancer immunotherapy 
compared to conventional treatments has to do with the kinetics of clinical response, 
which comprises three progressive steps (Hoos et al., 2010): firstly, the immune 
activation and proliferation of T-cells occurs; secondly, after weeks to months, an 
antitumour immune response becomes evident; thirdly, months after the initial treatment, 
an effect on patient survival could be evident. This means that, contrasting with 
conventional cytotoxic therapies that directly attack cancer cells, clinical response to 
immunotherapy may take several months to be detectable. In fact, some patients may 
even experience an initial phase of tumour and/or metastatic lesions growth due to 
infiltration by immune cells. All these aspects are disregarded by the Evaluation Criteria 
in Solid tumors (RECIST) traditionally used to evaluate the response to cytotoxic agents, 
so new criteria, better adapted to immunotherapy, have been established to incorporate 
these findings (the immune-related response criteria - irRC) (Hoos et al., 2010).  
 
In conclusion, immunotherapy represents a novel and promising approach to fight 
cancer. While individual agents have shown high response rates and durable response 
in some types of cancer, it is likely that in the future combined strategies will improve 




















Baumeister SH, Freeman GJ, Dranoff G, Sharpe AH (2016) Coinhibitory Pathways in 
Immunotherapy for Cancer. Annu Rev Immunol 34:539-573. 
 
Benatti P, Gafa R, Barana D, Marino M, Scarselli A, Pedroni M, Maestri I, Guerzoni L, Roncucci 
L, Menigatti M, Roncari B, Maffei S, Rossi G, Ponti G, Santini A, Losi L, Di Gregorio C, Oliani C, 
Ponz de Leon M, Lanza G (2005) Microsatellite instability and colorectal cancer prognosis. Clin 
Cancer Res 11:8332-8340. 
 
Bendell J, Kim T, Goh B, Wallin J, Oh D, Han S, Lee C, Hellmann M, Desai J, Lewin J (2016) 
Clinical activity and safety of cobimetinib (cobi) and atezolizumab in colorectal cancer (CRC). J 
Clin Oncol 34:(suppl; abstr 3502). 
 
Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharfman WH, Stankevich E, Pons A, 
Salay TM, McMiller TL, Gilson MM, Wang C, Selby M, Taube JM, Anders R, Chen L, Korman AJ, 
Pardoll DM, Lowy I, Topalian SL (2010) Phase I study of single-agent anti-programmed death-1 
(MDX-1106) in refractory solid tumors: safety, clinical activity, pharmacodynamics, and 
immunologic correlates. J Clin Oncol 28:3167-3175. 
 
Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, Drake CG, Camacho LH, Kauh 
J, Odunsi K, Pitot HC, Hamid O, Bhatia S, Martins R, Eaton K, Chen S, Salay TM, Alaparthy S, 
Grosso JF, Korman AJ, Parker SM, Agrawal S, Goldberg SM, Pardoll DM, Gupta A, Wigginton 
JM (2012) Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N Engl J 
Med 366:2455-2465. 
 
Burgdorf SK, Fischer A, Myschetzky PS, Munksgaard SB, Zocca MB, Claesson MH, Rosenberg 
J (2008) Clinical responses in patients with advanced colorectal cancer to a dendritic cell based 
vaccine. Oncol Rep 20:1305-1311. 
 
Cheever MA, Higano CS (2011) PROVENGE (Sipuleucel-T) in prostate cancer: the first FDA-
approved therapeutic cancer vaccine. Clin Cancer Res 17:3520-3526. 
 
Chen DS, Mellman I (2013) Oncology meets immunology: the cancer-immunity cycle. Immunity 
39:1-10. 
 
Chung KY, Gore I, Fong L, Venook A, Beck SB, Dorazio P, Criscitiello PJ, Healey DI, Huang B, 
Gomez-Navarro J, Saltz LB (2010) Phase II study of the anti-cytotoxic T-lymphocyte-associated 
antigen 4 monoclonal antibody, tremelimumab, in patients with refractory metastatic colorectal 
cancer. J Clin Oncol 28:3485-3490. 
 
Clarke SL, Betts GJ, Plant A, Wright KL, El-Shanawany TM, Harrop R, Torkington J, Rees BI, 
Williams GT, Gallimore AM, Godkin AJ (2006) CD4+CD25+FOXP3+ regulatory T cells suppress 
anti-tumor immune responses in patients with colorectal cancer. PLoS One 1:e129. 
 
de Weger VA, Turksma AW, Voorham QJ, Euler Z, Bril H, van den Eertwegh AJ, Bloemena E, 
Pinedo HM, Vermorken JB, van Tinteren H, Meijer GA, Hooijberg E (2012) Clinical effects of 
adjuvant active specific immunotherapy differ between patients with microsatellite-stable and 
microsatellite-instable colon cancer. Clin Cancer Res 18:882-889. 
 
Dolcetti R, Viel A, Doglioni C, Russo A, Guidoboni M, Capozzi E, Vecchiato N, Macri E, Fornasarig 
M, Boiocchi M (1999) High prevalence of activated intraepithelial cytotoxic T lymphocytes and 
Immunotherapy in colorectal cancer 
23 
increased neoplastic cell apoptosis in colorectal carcinomas with microsatellite instability. The 
American journal of pathology 154:1805-1813. 
 
Elkord E, Dangoor A, Drury NL, Harrop R, Burt DJ, Drijfhout JW, Hamer C, Andrews D, Naylor S, 
Sherlock D, Hawkins RE, Stern PL (2008) An MVA-based vaccine targeting the oncofetal antigen 
5T4 in patients undergoing surgical resection of colorectal cancer liver metastases. Journal of 
immunotherapy (Hagerstown, Md : 1997) 31:820-829. 
 
Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray 
F (2015) Cancer incidence and mortality worldwide: sources, methods and major patterns in 
GLOBOCAN 2012. International journal of cancer 136:E359-386. 
 
Ferris RL, Blumenschein G, Jr., Fayette J, Guigay J, Colevas AD, Licitra L, Harrington K, Kasper 
S, Vokes EE, Even C, Worden F, Saba NF, Iglesias Docampo LC, Haddad R, Rordorf T, Kiyota 
N, Tahara M, Monga M, Lynch M, Geese WJ, Kopit J, Shaw JW, Gillison ML (2016) Nivolumab 
for Recurrent Squamous-Cell Carcinoma of the Head and Neck. N Engl J Med 375:1856-1867. 
 
Fong L, Hou Y, Rivas A, Benike C, Yuen A, Fisher GA, Davis MM, Engleman EG (2001) Altered 
peptide ligand vaccination with Flt3 ligand expanded dendritic cells for tumor immunotherapy. 
Proc Natl Acad Sci U S A 98:8809-8814. 
 
Frey DM, Droeser RA, Viehl CT, Zlobec I, Lugli A, Zingg U, Oertli D, Kettelhack C, Terracciano L, 
Tornillo L (2010) High frequency of tumor-infiltrating FOXP3(+) regulatory T cells predicts 
improved survival in mismatch repair-proficient colorectal cancer patients. International journal of 
cancer 126:2635-2643. 
 
Fridman WH, Pages F, Sautes-Fridman C, Galon J (2012) The immune contexture in human 
tumours: impact on clinical outcome. Nat Rev Cancer 12:298-306. 
 
Galon J, Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C, Tosolini M, 
Camus M, Berger A, Wind P, Zinzindohoue F, Bruneval P, Cugnenc PH, Trajanoski Z, Fridman 
WH, Pages F (2006) Type, density, and location of immune cells within human colorectal tumors 
predict clinical outcome. Science 313:1960-1964. 
 
Gao D, Li C, Xie X, Zhao P, Wei X, Sun W, Liu HC, Alexandrou AT, Jones J, Zhao R, Li JJ (2014) 
Autologous tumor lysate-pulsed dendritic cell immunotherapy with cytokine-induced killer cells 
improves survival in gastric and colorectal cancer patients. PLoS One 9:e93886. 
 
Gardini A, Ercolani G, Riccobon A, Ravaioli M, Ridolfi L, Flamini E, Ridolfi R, Grazi GL, Cavallari 
A, Amadori D (2004) Adjuvant, adoptive immunotherapy with tumor infiltrating lymphocytes plus 
interleukin-2 after radical hepatic resection for colorectal liver metastases: 5-year analysis. J Surg 
Oncol 87:46-52. 
 
Halvorsen EC, Mahmoud SM, Bennewith KL (2014) Emerging roles of regulatory T cells in tumour 
progression and metastasis. Cancer metastasis reviews 33:1025-1041. 
 
Hanna MG, Jr., Hoover HC, Jr., Vermorken JB, Harris JE, Pinedo HM (2001) Adjuvant active 
specific immunotherapy of stage II and stage III colon cancer with an autologous tumor cell 
vaccine: first randomized phase III trials show promise. Vaccine 19:2576-2582. 
 
Harris JE, Ryan L, Hoover HC, Jr., Stuart RK, Oken MM, Benson AB, 3rd, Mansour E, Haller DG, 
Manola J, Hanna MG, Jr. (2000) Adjuvant active specific immunotherapy for stage II and III colon 
Immunotherapy in colorectal cancer 
24 
cancer with an autologous tumor cell vaccine: Eastern Cooperative Oncology Group Study 
E5283. J Clin Oncol 18:148-157. 
 
Harrop R, Connolly N, Redchenko I, Valle J, Saunders M, Ryan MG, Myers KA, Drury N, 
Kingsman SM, Hawkins RE, Carroll MW (2006) Vaccination of colorectal cancer patients with 
modified vaccinia Ankara delivering the tumor antigen 5T4 (TroVax) induces immune responses 
which correlate with disease control: a phase I/II trial. Clin Cancer Res 12:3416-3424. 
 
Harrop R, Drury N, Shingler W, Chikoti P, Redchenko I, Carroll MW, Kingsman SM, Naylor S, 
Griffiths R, Steven N, Hawkins RE (2008) Vaccination of colorectal cancer patients with TroVax 
given alongside chemotherapy (5-fluorouracil, leukovorin and irinotecan) is safe and induces 
potent immune responses. Cancer Immunol Immunother 57:977-986. 
 
Harrop R, Drury N, Shingler W, Chikoti P, Redchenko I, Carroll MW, Kingsman SM, Naylor S, 
Melcher A, Nicholls J, Wassan H, Habib N, Anthoney A (2007) Vaccination of colorectal cancer 
patients with modified vaccinia ankara encoding the tumor antigen 5T4 (TroVax) given alongside 
chemotherapy induces potent immune responses. Clin Cancer Res 13:4487-4494. 
 
Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, Gonzalez R, Robert C, 
Schadendorf D, Hassel JC, Akerley W, van den Eertwegh AJ, Lutzky J, Lorigan P, Vaubel JM, 
Linette GP, Hogg D, Ottensmeier CH, Lebbe C, Peschel C, Quirt I, Clark JI, Wolchok JD, Weber 
JS, Tian J, Yellin MJ, Nichol GM, Hoos A, Urba WJ (2010) Improved survival with ipilimumab in 
patients with metastatic melanoma. N Engl J Med 363:711-723. 
 
Hoos A, Eggermont AM, Janetzki S, Hodi FS, Ibrahim R, Anderson A, Humphrey R, Blumenstein 
B, Old L, Wolchok J (2010) Improved endpoints for cancer immunotherapy trials. J Natl Cancer 
Inst 102:1388-1397. 
 
Itoh T, Ueda Y, Kawashima I, Nukaya I, Fujiwara H, Fuji N, Yamashita T, Yoshimura T, Okugawa 
K, Iwasaki T, Ideno M, Takesako K, Mitsuhashi M, Orita K, Yamagishi H (2002) Immunotherapy 
of solid cancer using dendritic cells pulsed with the HLA-A24-restricted peptide of 
carcinoembryonic antigen. Cancer Immunol Immunother 51:99-106. 
 
Karlsson M, Marits P, Dahl K, Dagoo T, Enerback S, Thorn M, Winqvist O (2010) Pilot study of 
sentinel-node-based adoptive immunotherapy in advanced colorectal cancer. Ann Surg Oncol 
17:1747-1757. 
 
Kaufman HL, Lenz HJ, Marshall J, Singh D, Garett C, Cripps C, Moore M, von Mehren M, Dalfen 
R, Heim WJ, Conry RM, Urba WJ, Benson AB, 3rd, Yu M, Caterini J, Kim-Schulze S, Debenedette 
M, Salha D, Vogel T, Elias I, Berinstein NL (2008) Combination chemotherapy and ALVAC-
CEA/B7.1 vaccine in patients with metastatic colorectal cancer. Clin Cancer Res 14:4843-4849. 
 
Khalil DN, Smith EL, Brentjens RJ, Wolchok JD (2016) The future of cancer treatment: 
immunomodulation, CARs and combination immunotherapy. Nat Rev Clin Oncol 13:273-290. 
 
Krummel MF, Allison JP (1995) CD28 and CTLA-4 have opposing effects on the response of T 
cells to stimulation. J Exp Med 182:459-465. 
 
Kuehn HS, Ouyang W, Lo B, Deenick EK, Niemela JE, Avery DT, Schickel JN, Tran DQ, Stoddard 
J, Zhang Y, Frucht DM, Dumitriu B, Scheinberg P, Folio LR, Frein CA, Price S, Koh C, Heller T, 
Seroogy CM, Huttenlocher A, Rao VK, Su HC, Kleiner D, Notarangelo LD, Rampertaap Y, Olivier 
KN, McElwee J, Hughes J, Pittaluga S, Oliveira JB, Meffre E, Fleisher TA, Holland SM, Lenardo 
Immunotherapy in colorectal cancer 
25 
MJ, Tangye SG, Uzel G (2014) Immune dysregulation in human subjects with heterozygous 
germline mutations in CTLA4. Science 345:1623-1627. 
 
Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, Schadendorf D, Dummer 
R, Smylie M, Rutkowski P, Ferrucci PF, Hill A, Wagstaff J, Carlino MS, Haanen JB, Maio M, 
Marquez-Rodas I, McArthur GA, Ascierto PA, Long GV, Callahan MK, Postow MA, Grossmann 
K, Sznol M, Dreno B, Bastholt L, Yang A, Rollin LM, Horak C, Hodi FS, Wolchok JD (2015) 
Combined Nivolumab and Ipilimumab or Monotherapy in Untreated Melanoma. N Engl J Med 
373:23-34. 
 
Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, Skora AD, Luber BS, Azad NS, 
Laheru D, Biedrzycki B, Donehower RC, Zaheer A, Fisher GA, Crocenzi TS, Lee JJ, Duffy SM, 
Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee F, Huebner T, Hruban RH, Wood LD, Cuka N, 
Pardoll DM, Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube JM, Anders RA, Eshleman 
JR, Vogelstein B, Diaz LA, Jr. (2015) PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. 
N Engl J Med 372:2509-2520. 
 
Leach DR, Krummel MF, Allison JP (1996) Enhancement of antitumor immunity by CTLA-4 
blockade. Science 271:1734-1736. 
 
Lesterhuis WJ, de Vries IJ, Schuurhuis DH, Boullart AC, Jacobs JF, de Boer AJ, Scharenborg 
NM, Brouwer HM, van de Rakt MW, Figdor CG, Ruers TJ, Adema GJ, Punt CJ (2006) Vaccination 
of colorectal cancer patients with CEA-loaded dendritic cells: antigen-specific T cell responses in 
DTH skin tests. Ann Oncol 17:974-980. 
 
Ling KL, Pratap SE, Bates GJ, Singh B, Mortensen NJ, George BD, Warren BF, Piris J, Roncador 
G, Fox SB, Banham AH, Cerundolo V (2007) Increased frequency of regulatory T cells in 
peripheral blood and tumour infiltrating lymphocytes in colorectal cancer patients. Cancer 
immunity 7:7. 
 
Lipson EJ, Sharfman WH, Drake CG, Wollner I, Taube JM, Anders RA, Xu H, Yao S, Pons A, 
Chen L, Pardoll DM, Brahmer JR, Topalian SL (2013) Durable cancer regression off-treatment 
and effective reinduction therapy with an anti-PD-1 antibody. Clin Cancer Res 19:462-468. 
 
Llosa NJ, Cruise M, Tam A, Wicks EC, Hechenbleikner EM, Taube JM, Blosser RL, Fan H, Wang 
H, Luber BS, Zhang M, Papadopoulos N, Kinzler KW, Vogelstein B, Sears CL, Anders RA, Pardoll 
DM, Housseau F (2015) The vigorous immune microenvironment of microsatellite instable colon 
cancer is balanced by multiple counter-inhibitory checkpoints. Cancer Discov 5:43-51. 
 
Marshall JL, Gulley JL, Arlen PM, Beetham PK, Tsang KY, Slack R, Hodge JW, Doren S, 
Grosenbach DW, Hwang J, Fox E, Odogwu L, Park S, Panicali D, Schlom J (2005) Phase I study 
of sequential vaccinations with fowlpox-CEA(6D)-TRICOM alone and sequentially with vaccinia-
CEA(6D)-TRICOM, with and without granulocyte-macrophage colony-stimulating factor, in 
patients with carcinoembryonic antigen-expressing carcinomas. J Clin Oncol 23:720-731. 
 
Marshall JL, Hawkins MJ, Tsang KY, Richmond E, Pedicano JE, Zhu MZ, Schlom J (1999) Phase 
I study in cancer patients of a replication-defective avipox recombinant vaccine that expresses 
human carcinoembryonic antigen. J Clin Oncol 17:332-337. 
 
Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, Chew A, Gonzalez VE, Zheng Z, 
Lacey SF, Mahnke YD, Melenhorst JJ, Rheingold SR, Shen A, Teachey DT, Levine BL, June CH, 
Porter DL, Grupp SA (2014) Chimeric antigen receptor T cells for sustained remissions in 
leukemia. N Engl J Med 371:1507-1517. 
Immunotherapy in colorectal cancer 
26 
 
Melero I, Gaudernack G, Gerritsen W, Huber C, Parmiani G, Scholl S, Thatcher N, Wagstaff J, 
Zielinski C, Faulkner I, Mellstedt H (2014) Therapeutic vaccines for cancer: an overview of clinical 
trials. Nat Rev Clin Oncol 11:509-524. 
 
Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, Bruneval P, Trajanoski Z, 
Fridman WH, Pages F, Galon J (2011) Histopathologic-based prognostic factors of colorectal 
cancers are associated with the state of the local immune reaction. J Clin Oncol 29:610-618. 
 
Morgan RA, Yang JC, Kitano M, Dudley ME, Laurencot CM, Rosenberg SA (2010) Case report 
of a serious adverse event following the administration of T cells transduced with a chimeric 
antigen receptor recognizing ERBB2. Mol Ther 18:843-851. 
 
Morita R, Hirohashi Y, Torigoe T, Ito-Inoda S, Takahashi A, Mariya T, Asanuma H, Tamura Y, 
Tsukahara T, Kanaseki T, Kubo T, Kutomi G, Mizuguchi T, Terui T, Ishitani K, Hashino S, Kondo 
T, Minagawa N, Takahashi N, Taketomi A, Todo S, Asaka M, Sato N (2016) Olfactory Receptor 
Family 7 Subfamily C Member 1 Is a Novel Marker of Colon Cancer-Initiating Cells and Is a Potent 
Target of Immunotherapy. Clin Cancer Res 22:3298-3309. 
 
Morse MA, Chaudhry A, Gabitzsch ES, Hobeika AC, Osada T, Clay TM, Amalfitano A, Burnett 
BK, Devi GR, Hsu DS, Xu Y, Balcaitis S, Dua R, Nguyen S, Balint JP, Jr., Jones FR, Lyerly HK 
(2013a) Novel adenoviral vector induces T-cell responses despite anti-adenoviral neutralizing 
antibodies in colorectal cancer patients. Cancer Immunol Immunother 62:1293-1301. 
 
Morse MA, Deng Y, Coleman D, Hull S, Kitrell-Fisher E, Nair S, Schlom J, Ryback ME, Lyerly HK 
(1999) A Phase I study of active immunotherapy with carcinoembryonic antigen peptide (CAP-1)-
pulsed, autologous human cultured dendritic cells in patients with metastatic malignancies 
expressing carcinoembryonic antigen. Clin Cancer Res 5:1331-1338. 
 
Morse MA, Niedzwiecki D, Marshall JL, Garrett C, Chang DZ, Aklilu M, Crocenzi TS, Cole DJ, 
Dessureault S, Hobeika AC, Osada T, Onaitis M, Clary BM, Hsu D, Devi GR, Bulusu A, 
Annechiarico RP, Chadaram V, Clay TM, Lyerly HK (2013b) A randomized phase II study of 
immunization with dendritic cells modified with poxvectors encoding CEA and MUC1 compared 
with the same poxvectors plus GM-CSF for resected metastatic colorectal cancer. Ann Surg 
258:879-886. 
 
OECD/EU (2016) Health at a Glance: Europe 2016: State of Health in the EU Cycle: OECD 
Publishing, Paris. 
 
Ogino S, Nosho K, Irahara N, Meyerhardt JA, Baba Y, Shima K, Glickman JN, Ferrone CR, Mino-
Kenudson M, Tanaka N, Dranoff G, Giovannucci EL, Fuchs CS (2009) Lymphocytic reaction to 
colorectal cancer is associated with longer survival, independent of lymph node count, 
microsatellite instability, and CpG island methylator phenotype. Clin Cancer Res 15:6412-6420. 
 
Okuno K, Sugiura F, Hida JI, Tokoro T, Ishimaru E, Sukegawa Y, Ueda K (2011) Phase I clinical 
trial of a novel peptide vaccine in combination with UFT/LV for metastatic colorectal cancer. Exp 
Ther Med 2:73-79. 
 
OuYang LY, Wu XJ, Ye SB, Zhang RX, Li ZL, Liao W, Pan ZZ, Zheng LM, Zhang XS, Wang Z, Li 
Q, Ma G, Li J (2015) Tumor-induced myeloid-derived suppressor cells promote tumor progression 
through oxidative metabolism in human colorectal cancer. J Transl Med 13:47. 
 
Immunotherapy in colorectal cancer 
27 
Pardoll DM (2012) The blockade of immune checkpoints in cancer immunotherapy. Nat Rev 
Cancer 12:252-264. 
 
Parkhurst MR, Yang JC, Langan RC, Dudley ME, Nathan D-AN, Feldman SA, Davis JL, Morgan 
RA, Merino MJ, Sherry RM, Hughes MS, Kammula US, Phan GQ, Lim RM, Wank SA, Restifo 
NP, Robbins PF, Laurencot CM, Rosenberg SA (2011) T Cells Targeting Carcinoembryonic 
Antigen Can Mediate Regression of Metastatic Colorectal Cancer but Induce Severe Transient 
Colitis. Molecular Therapy 19:620-626. 
 
Patel SP, Osada T, Lyerly HK, Morse MA (2014) Designing effective vaccines for colorectal 
cancer. Immunotherapy 6:913-926. 
 
Pennock GK, Chow LQ (2015) The Evolving Role of Immune Checkpoint Inhibitors in Cancer 
Treatment. Oncologist 20:812-822. 
 
Poschke I, Mougiakakos D, Kiessling R (2011) Camouflage and sabotage: tumor escape from 
the immune system. Cancer Immunol Immunother 60:1161-1171. 
 
Qureshi OS, Zheng Y, Nakamura K, Attridge K, Manzotti C, Schmidt EM, Baker J, Jeffery LE, 
Kaur S, Briggs Z, Hou TZ, Futter CE, Anderson G, Walker LS, Sansom DM (2011) Trans-
endocytosis of CD80 and CD86: a molecular basis for the cell-extrinsic function of CTLA-4. 
Science 332:600-603. 
 
Restifo NP, Dudley ME, Rosenberg SA (2012) Adoptive immunotherapy for cancer: harnessing 
the T cell response. Nat Rev Immunol 12:269-281. 
 
Ribas A, Camacho LH, Lopez-Berestein G, Pavlov D, Bulanhagui CA, Millham R, Comin-Anduix 
B, Reuben JM, Seja E, Parker CA, Sharma A, Glaspy JA, Gomez-Navarro J (2005) Antitumor 
activity in melanoma and anti-self responses in a phase I trial with the anti-cytotoxic T lymphocyte-
associated antigen 4 monoclonal antibody CP-675,206. J Clin Oncol 23:8968-8977. 
 
Roper J, Hung KE (2013) Molecular mechanisms of colorectal carcinogenesis. In Molecular 
Pathogenesis of Colorectal Cancer, pp 25-65. Springer 
 
Rosenberg SA, Yang JC, Sherry RM, Kammula US, Hughes MS, Phan GQ, Citrin DE, Restifo 
NP, Robbins PF, Wunderlich JR, Morton KE, Laurencot CM, Steinberg SM, White DE, Dudley 
ME (2011) Durable complete responses in heavily pretreated patients with metastatic melanoma 
using T-cell transfer immunotherapy. Clin Cancer Res 17:4550-4557. 
 
Salama P, Phillips M, Grieu F, Morris M, Zeps N, Joseph D, Platell C, Iacopetta B (2009) Tumor-
infiltrating FOXP3+ T regulatory cells show strong prognostic significance in colorectal cancer. J 
Clin Oncol 27:186-192. 
 
Schreiber RD, Old LJ, Smyth MJ (2011) Cancer immunoediting: integrating immunity's roles in 
cancer suppression and promotion. Science 331:1565-1570. 
 
Schubert D, Bode C, Kenefeck R, Hou TZ, Wing JB, Kennedy A, Bulashevska A, Petersen BS, 
Schaffer AA, Gruning BA, Unger S, Frede N, Baumann U, Witte T, Schmidt RE, Dueckers G, 
Niehues T, Seneviratne S, Kanariou M, Speckmann C, Ehl S, Rensing-Ehl A, Warnatz K, 
Rakhmanov M, Thimme R, Hasselblatt P, Emmerich F, Cathomen T, Backofen R, Fisch P, Seidl 
M, May A, Schmitt-Graeff A, Ikemizu S, Salzer U, Franke A, Sakaguchi S, Walker LS, Sansom 
DM, Grimbacher B (2014) Autosomal dominant immune dysregulation syndrome in humans with 
CTLA4 mutations. Nat Med 20:1410-1416. 
Immunotherapy in colorectal cancer 
28 
 
Schulze T, Kemmner W, Weitz J, Wernecke KD, Schirrmacher V, Schlag PM (2009) Efficiency of 
adjuvant active specific immunization with Newcastle disease virus modified tumor cells in 
colorectal cancer patients following resection of liver metastases: results of a prospective 
randomized trial. Cancer Immunol Immunother 58:61-69. 
 
Sharma P, Allison JP (2015) Immune checkpoint targeting in cancer therapy: toward combination 
strategies with curative potential. Cell 161:205-214. 
 
Siegel RL, Miller KD, Fedewa SA, Ahnen DJ, Meester RGS, Barzi A, Jemal A (2017a) Colorectal 
cancer statistics, 2017. CA Cancer J Clin 67:177-193. 
 
Siegel RL, Miller KD, Jemal A (2017b) Cancer Statistics, 2017. CA Cancer J Clin 67:7-30. 
 
Signorini L, Delbue S, Ferrante P, Bregni M (2016) Review on the immunotherapy strategies 
against metastatic colorectal carcinoma. Immunotherapy 8:1245-1261. 
 
Smyrk TC, Watson P, Kaul K, Lynch HT (2001) Tumor-infiltrating lymphocytes are a marker for 
microsatellite instability in colorectal carcinoma. Cancer 91:2417-2422. 
 
Snook AE, Magee MS, Waldman SA (2011) GUCY2C-targeted cancer immunotherapy: past, 
present and future. Immunologic research 51:161-169. 
 
Starzynska T, Marsh PJ, Schofield PF, Roberts SA, Myers KA, Stern PL (1994) Prognostic 
significance of 5T4 oncofetal antigen expression in colorectal carcinoma. Br J Cancer 69:899-
902. 
 
Tariq K, Ghias K (2016) Colorectal cancer carcinogenesis: a review of mechanisms. Cancer 
biology & medicine 13:120-135. 
 
Tivol EA, Borriello F, Schweitzer AN, Lynch WP, Bluestone JA, Sharpe AH (1995) Loss of CTLA-
4 leads to massive lymphoproliferation and fatal multiorgan tissue destruction, revealing a critical 
negative regulatory role of CTLA-4. Immunity 3:541-547. 
 
Toh HC, Wang WW, Chia WK, Kvistborg P, Sun L, Teo K, Phoon YP, Soe Y, Tan SH, Hee SW, 
Foo KF, Ong S, Koo WH, Zocca MB, Claesson MH (2009) Clinical Benefit of Allogeneic 
Melanoma Cell Lysate-Pulsed Autologous Dendritic Cell Vaccine in MAGE-Positive Colorectal 
Cancer Patients. Clin Cancer Res 15:7726-7736. 
 
Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC, McDermott DF, Powderly JD, 
Carvajal RD, Sosman JA, Atkins MB, Leming PD, Spigel DR, Antonia SJ, Horn L, Drake CG, 
Pardoll DM, Chen L, Sharfman WH, Anders RA, Taube JM, McMiller TL, Xu H, Korman AJ, Jure-
Kunkel M, Agrawal S, McDonald D, Kollia GD, Gupta A, Wigginton JM, Sznol M (2012) Safety, 
activity, and immune correlates of anti-PD-1 antibody in cancer. N Engl J Med 366:2443-2454. 
 
Van Cutsem E, Cervantes A, Nordlinger B, Arnold D, Group EGW (2014) Metastatic colorectal 
cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol 25 
Suppl 3:iii1-9. 
 
Vermorken JB, Claessen AME, van Tinteren H, Gall HE, Ezinga R, Meijer S, Scheper RJ, Meijer 
CJLM, Bloemena E, Ransom JH, Hanna MG, Pinedo HM (1999) Active specific immunotherapy 
for stage II and stage III human colon cancer: a randomised trial. The Lancet 353:345-350. 
 
Immunotherapy in colorectal cancer 
29 
Walunas TL, Lenschow DJ, Bakker CY, Linsley PS, Freeman GJ, Green JM, Thompson CB, 
Bluestone JA (1994) CTLA-4 can function as a negative regulator of T cell activation. Immunity 
1:405-413. 
 
Waterhouse P, Penninger JM, Timms E, Wakeham A, Shahinian A, Lee KP, Thompson CB, 
Griesser H, Mak TW (1995) Lymphoproliferative disorders with early lethality in mice deficient in 
Ctla-4. Science 270:985-988. 
 
Watson NF, Ramage JM, Madjd Z, Spendlove I, Ellis IO, Scholefield JH, Durrant LG (2006) 
Immunosurveillance is active in colorectal cancer as downregulation but not complete loss of 
MHC class I expression correlates with a poor prognosis. International journal of cancer 118:6-
10. 
 
Wolchok JD, Hoos A, O'Day S, Weber JS, Hamid O, Lebbe C, Maio M, Binder M, Bohnsack O, 
Nichol G, Humphrey R, Hodi FS (2009) Guidelines for the evaluation of immune therapy activity 
in solid tumors: immune-related response criteria. Clin Cancer Res 15:7412-7420. 
 
Xiang B, Snook AE, Magee MS, Waldman SA (2013) Colorectal cancer immunotherapy. 
Discovery medicine 15:301-308. 
 
Younes A, Santoro A, Shipp M, Zinzani PL, Timmerman JM, Ansell S, Armand P, Fanale M, 
Ratanatharathorn V, Kuruvilla J, Cohen JB, Collins G, Savage KJ, Trneny M, Kato K, Farsaci B, 
Parker SM, Rodig S, Roemer MGM, Ligon AH, Engert A (2016) Nivolumab for classical Hodgkin's 
lymphoma after failure of both autologous stem-cell transplantation and brentuximab vedotin: a 
multicentre, multicohort, single-arm phase 2 trial. The Lancet Oncology 17:1283-1294. 
 
Zhang X, Li J (2013) Era of universal testing of microsatellite instability in colorectal cancer. World 
J Gastrointest Oncol 5:12-19. 
 
Zhen YH, Liu XH, Yang Y, Li B, Tang JL, Zeng QX, Hu J, Zeng XN, Zhang L, Wang ZJ, Li XY, 
Ge HX, Winqvist O, Hu PS, Xiu J (2015) Phase I/II study of adjuvant immunotherapy with sentinel 
lymph node T lymphocytes in patients with colorectal cancer. Cancer Immunol Immunother 
64:1083-1093. 
 
 
